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ABSTRACT 


Twenty  pairs  of  standard  rockets  and  Z9  pairs  of  modified  rockets 
(with  MK-1  heads)  were  fired  at  a  ground  target.  Also,  one  10>round 
ripple  of  standard  and  three  10-round  ripples  of  modified  rockets  were 
fired.  Nomine.!  test  conditions  were  with  helicopter  airspeed  of  110 
knots,  altitude  of  250  meters,  and  slant  range  of  1000  meters.  Results 
indicated  angular  accuracy  improvements  of  7  to  40  percent  for  the 
modified  rocket  configurations. 


SUMMARY 


Low  Spin  Folding  Fin  Aircraft  Rockets  (LS  FFAR)  with  MK-J  inert 
heads  were  fired  from  the  CHINOOK  helicopter  at  Redstone  Arsenal, 
Alabama,  to  compare  their. accuracy  to  rockets  modified  with  a  small 
wedge  attached  to  each  fin  tip.  Twenty  pairs  of  standard  rockets,  29 
pairs  of  modified  rockets,  one  10-roxmd  ripple  of  standard  rockets,  and 
three  10 -round  ripples  of  modified  rockets  were  fired  for  accuracy 
comparisons.  The  CHINOOK  helicopter,  with  a  pylon  mounted  19-tube 
XM-159  rocket  pod  on  each  side,  fired  at  a  ground  target  while  in  a  dive 
of  about  10  degrees.  The  helicopter  airspeed  was  nominally  110  knots, 
the  firing  altitude  was  approximately  250  meters,  and  the  slant  range 
to  target  was  1000  meters. 

Results  indicated  that,  with  bias  removed,  the  azimuth  angular 
error  was  7.  0  mils  <r  (20  pairs)  for  the  standard  rocket  configuration  and 
5.0  mils <r  (29  pairs)  for  the  modified  rocket  configuration  -  a  30-percent 
accuracy  improvement  due  to  the  addition  of  wedges  to  the  fins.  Com¬ 
parisons  in  the  pitch  plane  (bias  removed)  indicated  angular  errors  of 
7. 7  mils  a  for  the  standard  and  7.  2  mils  r  for  the  modified  rockets. 

The  accuracy  of  10 -round  ripples  of  wedge  modified  rockets  was 
degraded  in  azimuth  by  a  factor  of  about  two  from  that  calculated  from 
single  pair  firings. 

Strong  azimuth  crossover  bias  values  were  in  evidence  for  both 
configurations  fired  (30.  2  mils  bias  for  the  standard  round  and  18.  1 
mils  bias  for  the  modified  round).  The  smaller  bias  value  of  the  config¬ 
uration  with  wedge  fins  is  attributed  to  delayed  fin  opening,  thus  reduc¬ 
ing  the  sensitivity  of  the  rocket  to  a  strong  outward  wind  flow  over  the 
nose  of  the  helicopter. 

Consideration  should  be  given  to  splaying  the  launchers  of  the 
CHINOOK  to  cancel  part  of  the  crossover  bias  if  improvement  of  the 
azimuth  accuracy  is  desif»ble  Of  course,  the  launcher  splay  angle 
would  be  optimized  for  a  particular  type  of  helicopter  (CHQ^OOK  or 
other)  and  helicopter  velocity.  Additional  firings  similar  to  those 
reported  would  be  necessary  to  prove  the  desirability  of  such  an 
approach. 

All  accuracy  comparisons  between  the  standard  and  modified  rockets 
indicated  accuracy  improvements  of  from  7  to  40  percent  when  wedges 
are  added  to  the  fins  of  the  standard  LS  FFAR  configurations. 
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S««tiMl.  iMTRODUCTION 


Several  CH-47A  (CHINOOK)  helicopters  have  been  equipped  recently 
with  additional  armor  and  a  variety  of  armament.  The  armament 
includes  the  M-5  subsystem,  the  M-24  subsystem,  five  50 -caliber 
machine  guns,  and  a  subsystem  employing  2.75-inch  Folding  Fin  Air¬ 
craft  Rockets  (FFAR)  with  an  XM-159,  19-tube  rocket  pod  on  each 
pylon.  The  entire  system  is  referred  to  as  the  Armored  or  Armed 
CHINOOK. 

A  test  program  was  conducted  at  the  Army  Missile  Command 
(MICOM)  Redstone  Arsenal,  Alabama,  to  examine  problem  areas 
involved  in  combining  the  CHINOOK  and  the  FFAR  subsystem.  Parts 
of  that  test  program  involved  rocket  firings  from  the  ground  and  from 
the  air.  Firings  from  the  air  were  augmented  to  include  closely  con¬ 
trolled  firings  of  rocket  pairs  and  rocket  ripples  at  a  ground  target. 
Rocket  impacts  were  staked  after  each  pass  and  later  surveyed.  The 
resultant  data  were  combined  to  provide  accuracy  comparisons  for  the 
standard  LS’^  FFAR  (with  scarfed  nozzles)  and  the  standard  rocket 
modified  by  adding  an  uncanted  wedge  at  the  tip  of  each  fin.  i^irings 
were  conducted  at  Range  1,  Redstone  Arsenal,  Alabama,  and  nominal 
firing  conditions  were  with  the  CHINOOK  in  a  slight  dive  of  10  degrees 
at  1000  meters  slant  range  to  target,  250  meters  altitude,  and  110  knots 
helicopter  velocity.  Inert  MK-1  heads  were  employed  for  all  air  firings. 


*Low  Spin  (for  helicopter  appUcatioQ) 
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BACKf^UND 


MICOM  recently  conducted  a  test  program  designed  to  improve  the 
accuracy  of  the  LS  FFAR  with  only  minor  changes  on  the  rocket  and  no 
changes  on  the  launcher.  Those  results  are  reported  in  Report  No. 
RD-TR-66-2.  *  A  modification  with  0  degree  cant  wedges  on  the  fins 
(Figure  1)  incrt^ased  the  rocket  roll  rate  at  launch  from  a  nominal  1. 8 
revolutions  per  second  for  the  standard  rocket  to  rates  between  5  and  6 
revolutions  per  second  at  lamich.  Air-to-ground  firings  of  those  two 
configurations  (with  XM-151  heads  and  XM  -423  fuzes)  were  made  from 
a  UH-IB  helicopter  under  similar  test  conditions  to  those  herein. 

Results  indicated  that  the  angular  accuracy  in  the  pitch  plane  was 
improved  23  percent  by  employment  of  the  wedges  to  increase  launch 
roll  rate.  The  azimuth  comparisons  were  inconclusive  since  some  of 
the  rockets  crossed  in  flight  and  some  did  not.  Unfortunately,  the 
determination  of  which  rockets  crossed  could  not  be  made;  therefore, 
the  crossovsr  bias  could  not  be  determined  for  each  configuration,  and 
the  aaimuth  accuracy  was  not  considered  to  be  a  proper  indication  of 
comparative  accuracy.  The  sample  sizes  were  10  pairs  for  the  stand¬ 
ard  r-^cket  and  21  pairs  for  the  modification  with  0  degree  cant  wedges. 
Consequently,  controlled  firings,  from  the  CHINOOK,  of  greater  sample 
sizes  of  the  two  configurations  were  considered  appropriate  to  provide 
a  better  comparison  of  the  accuracy  of  the  two  rocket  configurations, 
thus  permitting  a  better  basis  for  consideration  of  the  rocket  modification 
for  tactical  usage. 


*U.  S.  Army  Missile  Command,  Redstone  Arsenal.  Alabama.  2.75- 
INCH  ROCKET  (  ‘FAR)  ACCURACY  IMPROVEMENT  STUDY  by  William 
M.  Hadaway  an  Ivan  K.  ShoKes,  January  1966.  Report  No.  RD-TR-66-2 
(Unclassified  F  .'port). 
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S««ti«iltl.  INStRUlilltMTATlON 


Two  i6-mm  motion  picture  cameras  were  mounted  on  the 

CHINOOK  he’*',  opter,  one  on  each  20 -mm  gxm  mount  directly  above  the 
XM-i59  iaunt*.wr  pod  (Figures  2.  3,  and  4).  These  cameras  were  used 
lo  determine  if  rockets  crossed. 


A  chase  aircraft  (UH-IB  helicopter)  was  also  equipped  with  one 
l6-mm  motion  picture  camera  to  monitor  rocket  impacts.  A  vi-ew  of 
the  target  from  the  relative  position  of  the  chase  ship  at  time  of  firing 
is  indicated  in  Figure  5.  The  target  was  laid  out  on  the  ground  with 
cheesecloth.  The  primary  target  for  pair  firings  was  100  meters  long 
and  50  meters  v  'de  and  was  divided  into  25 -meter  squares.  A  second¬ 
ary  target,  indicated  across  the  road  and  to  the  left  of  the  primary  tar¬ 
get,  was  used  for  the  ripple  fire  tests.  The  center  of  the  grid  target 
was  "urveved  to  be  100  feet  right  of  the  range  centerline  and  the  center 
of  the  alternate  target  was  200  feet  left  of  range  centerline.  Both  tar- 
g  .s  were  at  the  station  12,200  feet  downrange.  The  test  plan  called  for 
the  rockets  to  be  fired  as  the  helicopter  passed  over  the  station  903?  feet 
downrange, at  an  altitude  of  250  meters,  and  an  airspeed  of  110  knots. 
This  was  calculated  to  provide  a  nominal  slant  range  of  1000  meters. 

Two  35 -mm  Contraves  cinetheodolite  tracking  cameras  were  used 
to  record  CHINOCK  flight  ct^nditions  at  the  Instant  of  rocket  firing. 

Figure  6  shows  the  tracking  camera  view  of  the  CHINOOK  helicopter 
during  a  firing  pass. 
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Figure  3.  Front  View  of  the  XM-159  Launcher  Pod  and  16-mna 
Camera  Mounted  on  the  CHINOOK  Helicopter 


ure  4.  ^Side  View  of  the  XM-159  Launcher  Pod  and  16>] 
amera  Mounted  on  the  CHINOOK  Helicopter 


Tvftcltifiji  View  of  CHINOOK  Holicopter  During  JF*iring  Pnss 


SmUmIV.  TKT  PiOCtDURIS 


Accuracy  testa  were  begun  on  5  March  1966.  Nine  practice  firings 
were  conducted  to  familiarise  all  personnel  participating  in  the  teats 
with  procedures.  Both  the  CHINOOK  and  the  UH>1B  chase  helicopters 
participated  in  the  practice  tests.  After  both  helicopters  landed,  the 
XM-159  rocket  pods  of  the  Armed  CHINOOK  were  loaded  with  rockets  of 
both  configurations  of  the  FFAR  in  a  random  sequence.  Proper  identic 
fication  of  impacts  was  assured  by  personnel  in  the  chase  helicopter 
udiich  landed  after  each  firing  pass.  Each  impact  was  properly  marked 
and  identified,  and  the  impact  coordinates  were  surveyed  after  completion 
of  the  tests.  The  firing  order  of  each  rocket  pod  is  indicated  in  Figure?. 
The  normal  firing  sequence  is  indicated  on  the  right  pod.  The  left  pod 
firing  sequence  is  different  because  of  the  wiring  on  the  particular 
CHINOOK  helicopter  rather  than  the  wiring  on  the  launcher  pod.  The 
nose  of  e^ch  rocket  with  wedges  on  the  fins  was  painted  red  in  order  to 
aid  in  proper  double  checking  of  tube,  firing  sequence,  and  configuration 
prior  to  takeoff  for  each  run.  Herein,  a  pass  denotes  a  firing  condition 
Either  a  rocket  pair  or  a  ripple)  and  a  run  denotes  a  condition  from  pod 
loading  to  pod  loading. 


The  rocket  firings  of  5  March  were  terminated  after  8  pairs  had 
been  fired  for  accuracy  fthree  standard  pairs  aiui  five  pairs  with  the 
wedge  ctmfiguration).  The  winds  were  10  to  2S  knots  with  gusts  and  the 
validity  of  accuracy  data  under  such  conditions  was  questionable. 


The  helicopter  was  flown  from  Fort  Banning,  Georgia,  to  Redstone 
Arsenal,  Alabama,  on  4  March  to  permit  the  accuracy  firing  program 
to  be  conducted  on  S  March.  It  was  decided  that  the  heliccpter  would 
return  to  Fort  Banning  after  termiaafian  of  the  tests  on  5  March  and 
return  again  to  Redstone  Arsenal  on  8  March  for  further  testing  on  9 
March.  Because  of  the  small  sample  sise  of  firings  and  the  prevailing 
wind  conditioaa,  no  coaclusions  of  accuracy  were  made  from  results  of 
file  5  March  firings.  The  decision  was  made  to  begin  the  tests  again  <m 
9  March  rather  than  continue  from  the  point  of  termination  on  5  March. 
For  the  S  March  firings,  file  rocket  pods  were  boresighted  to  converge 
1000  meters  ahead  of  the  helicopter.  The  normal  alignment  procedure, 
however,  for  file  XMol59  pods  on  the  CHlfK>OK  is  with  specific  bore* 
slghfing  equipment  to  aUgn  the  pods  parallel  to  the  helicopter  longitudinal 
centerline.  Cosusequently,  the  Fort  Benning  pereoanel  were  requested 
to  boreeight  the  pode  by  normel  proceduree  peraliel  to  the  helicopter 
centerfine  prior  to  returning  to  Redetone  Arsenal  on  8  March.  The 
horesightittg  procedures  end  additional  CHINOOiC/FFAR  test  results, 


other  than  the  accuracy  tests  reported  herein,  are  documented  in  Report 
No.  RT-TM-66-31.* 

For  FFAR  accuracy  tests  on  both  5  March  and  9  March,  all 
CHINOOK  armament  other  than  the  XM-159  pods  was  removed  at  Fort 
Benning  prior  to  the  flights  to  Redstone  Arsenal.  A  description  of  the 
armament  is  indicated  in  Appendix  A. 


*  U.  S.  Army  Missile  Command,  Redstone  Arsenal,  Alabamn, 
XM.159  2.75-mCH  REUSABLE  LAUNCHER  POD  MOUNTED  ON  THE 
CH.47A  (CHINOOK}  HELICOPTER  by  Jack  L  Childers,  April  1966. 
Report  No.  RT-TM -66-31  (Unclassified  Report). 
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On  9  March  1966,  the  CHINOOK/FFAR  accuracy  program  was  con*' 
ducted  at  Range  1,  Redstone  Arsenal,  Alabama.  The  same  helicopter 
crew  and  test  personnel  were  employed  as  on  the  5  March  Rring,  and 
the  same  test  conditions  and  procedures  were  followed,  except  for  the 
parallel  rocket  pod  boresighting  referred  to  in  Section  IV.  Twenty  pairs 
of  standard  rockets  and  29  pairs  of  standard  rockets  with  0  degree  cant 
wedges  on  the  Rn  tips  were  fired  at  the  primary  target.  Also,  four 
ripples  of  rockets  were  fired  at  the  alternate  target,  one  10 -round  ripple 
with  standard  rockets  and  three  10 -round  ripples  with  the  wedge  fin 
configuration.  All  motors  of  the  accuracy  comparion  test  program  were 
loaded  in  19:>3.  Firing  order,  inpact  data  relative  to  the  target  center, 
meteorological  data,  and  some  laimch  condition  data  are  recorded  in 
Table  1  for  the  accuracy  firings  of  5  March  and  9  March.  Additional 
helicopter  attitude  and  rate  data  are  indicated  in  Table  H.  The  data  of 
both  tables  were  used  to  determine  slant  range,  angle  of  fire,  and  accu¬ 
racy  for  both  pair  and  ripple  conditions.  Accuracy  computations  for 
pair  firings  are  shown  in  Tables  HI  and  IV  and  ripple  fire  accuracy  results 
are  shown  in  Tables  V  and  VI. 

Cameras  above  each  rocket  pod  indicated  that  38  pairs  of  the  49 
pairs  which  were  fired  on  9  March  crossed  prior  to  impact.  Four  more 
pairs  probably  crossed  and  no  information  from  either  camera  was 
available  on  the  remainii^  seven  pairs  because  the  cameras  were  aimed 
too  high  to  pick  up  the  rocket  exhausts.  No  film  data  were  available  on 
the  ripple  firing  of  Run  1,  but  the  ripple  data  of  Runs  2,  3,  and  4  indicated 
that  each  pair  in  the  ripple  crossed.  For  analysis,  therefore,  it  seems 
proper  to  assume  that  all  rockets  crossed  prior  to  impact. 

The  data  of  Table  II  indicate  the  position  of  the  center  of  the  top 
rear  rotor  at  the  instant  of  firing.  Therefore,  in  die  process  of  deter¬ 
mining  altitude,  range,  and  slant  range,  1$  feet  were  substracted  from 
the  altitude  and  ZS  feet  were  added  to  the  range  of  each  helicopter  positfon 
indicated  on  Table  II  in  order  to  provide  data  relative  to  Uie  X14-i59 
launcher  pods.  The  pods  were  mounted  at  CHINOOK  Icrngitudinal  station 
251,  38  inches  below  the  waterline,  and  90  inclMS  outboard  of  the  center- 
line.  Overall  CHINOOK  dimensions  and  XM-159  pod  positioRS  are 
Indicated  in  Figure  8. 

In  Table  I,  the  Hrst  two  passes  and  pair  firings  on  the  first  run  of 
9  March  were  designated  as  practice  fir^gs  and,  altfumgh  all  necessary 
data  were  obtained  for  analysis,  they  were  not  included  in  the  accuracy 
analysis.  One  mcdiRed  rocket  misfired  (left  pod)  on  the  ICdh  pass  of 
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Run  1;  therefore,  only  29  pairs  of  the  modified  rocket  impacts  could 
be  analysed  rather  thw  the  planned  30  pairs. 

On  Run  3.  Pass  1.  an  eight>round  ripple  was  inadvertently  fired 
instead  of  one  pair  because  the  firing  selector  was  not  reset  after  the 
10*round  ripple  at  the  end  of  tlie  previous  run.  The  data  of  the  eight- 
round  ripple  were  not  used  in  the  analysis  of  ripple  accuracy  because  of 
of  a  configuration  mix.  two  standard  rockets  and  six  modified  rockets. 
The  remainder  of  Run  3  was  fired  according  to  the  test  plan,  but  the 
firing  order  and  type  configuration  apportionment  were  changed  prior 
to  loading  the  pods  fcr  Run  4.  This  provided  the  number  and  type  pairs 
and  ripples  called  for  in  the  test  plan,  excluding  the  loss  of  a  wedge 
pair  on  Run  1  due  to  a  misfire. 

After  completion  of  tl^e  accuracy  comparison  test  plan.  Run  5  v.'as 
made  which  involved  fo\ir  ripples  of  standard  LS  FFAR's  with  new  pro¬ 
duction  motors.  No  impacts  were  recorded. 
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Table  n.  Helicopter  Attitude  and  Rate  Dat^.  at  the  Instant  of  Rocket, Launch  (9  March  Firings) 
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Table  11.  (Concluded) 


Ia»  *ct«4  ftlMirt. 


-  Modified  LS  FFAR  (Wedges)  (Nominal  CHINOOK 


ble  V.  Rtopie  Firing  Reault*  -  Modified  L»*?  FFAR  (Wedges)  (Nominal  CHINOOK 
Airspeed,  110  Knots) 


Table  V.  (Concluded) 


Saetion  Vi.  PAIR  PIR1N6  ACCURAMCY  COMPARISONS 


The  initial  accuracy  computation  and  comparison  was  made  by 
disregarding  pod  separation  and  rocket  crossover  effects.  The  azimuth 
pair  differences  were  divided  by  the  average  slant  range  for  each  pair 
and  the  computed  azimuth  standard  deviation  indicated  the  following 
(Tables  HI  and  IV): 

1)  (standard)  22.  4  mils  (20  pairs) 

2)  (w-dge)  13.  7  mil.  (39  pair.) 

This  comparison  resulted  in  a  40-perccnt  azimuth  accuracy  improve* 
ment  due  to  addition  of  the  wedges  to  fins. 

Because  of  the  azimuth  crossover  of  both  rocket  configurations,  the 
bias  due  to  crossover  and  pod  separation  was  estimated  as  follows: 

1)  Crossover  bias  (standard)  30.2  mils 

2)  Crossover  bias  (wedge)  18. 1  mils 

Upon  computing  the  dispersion  about  the  bias,  the  following  results 
were  obtained: 

^  Azimuth  istandard)  7.0  mils  (20  pairs) 

^Azimuth  (wedge)  5.0  mils  (29  pairs) 

This  treatment  indicates  a  30-percent  azimuth  accuracy  improvement 
for  the  wedge  configuration.  These  are  the  values  that  would  be  expected 
under  conditions  of  110  knots  helicopter  speed  and  no  outward  flow  over 
the  helicopter  nose  to  provide  a  bias  trajectory  toward  the  helicopter 
centerline.  The  rocket  trajectory  turns  inward  (toward  the  centerline) 
in  the  presence  of  such  airflow  due  to  aerodynamic  stability';  the  effect 
is  similar  to  that  produced  by  a  transient  cros(.wind.  The  crossover 
bias  of  the  wedge  fin  configuration  is  less  than  that  of  the  standard 
configuration,  probably  because  the  fins  with  wedges  do  not  open  as 
quickly  as  standard  fins.  Therefore,  the  standard  rocket  is  subject  to 
the  outward  airflow  around  the  fuselage  sooner  than  the  rocket  with 
wedge  configuration,  resulting  with  a  greater  bias  for  the  standard 
rocket. 

The  range  difference  of  each  pair  was  multiplied  by  the  sine  of  the 
sight  angle  at  mean  pair  impact  between  the  ground  plane  and  the  heli¬ 
copter  at  the  instant  of  rocket  launch.  This  converts  the  range  impacts 
in  the  ground  plane  to  a  plane  perpendicv'.»r  to  the  helicopter  sight  line. 
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The  rotated  range  pair  impact  differences  were  divided  by  the  mean 
slant  range*  thus  providing  range  angular  errors  perpendicular  to  the 
flight  path  {sight  line).  This  treatment  basically  eliminated  firing  alti¬ 
tude  and  guadrant  elevation  from  the  analysis  and  provided  pitch  angular 
errors  for  comparison  with  azimuth  angular  errors  (Tables  III  and  IV). 

The  resulting  pitch  angular  accuracy  computation  indicated  the 
following: 

1)  ^ Pitch  (standard)  7.9  mils  (20  pairs) 

2)  ^pitch  ‘^•5  mils  (29  pairs) 

This  comparison*  indicating  a  5-percent  angular  accuracy  improve¬ 
ment  due  to  wedge  additions  to  the  fins*  is  not  statistically  significant* 

The  bias  for  the  two  configurations  was  estimated  as  follows  for 
the  pitch  plane: 

1)  Pitch  bias  (standard)  -3.  3  mils  (left  launcher  low) 

2)  Pitch  bias  (wedge)  -3.  4  mils  (left  lau^rcher  low) 

Computation  of  the  pitch  dispersion  about  the  bias  indicated  the 
following: 

1)  ^  Pitch  (standard)  7.7  mils  (20  pairs) 

2)  "v  Pitch  (wedge)  7.  2  mils  (29  pairs) 

The  range  error  in  the  ground  plane  can  be  estimated  for  either 
configuration  by  multiplying  the  pitch  plane  error  by  the  ratio  of  slant 

range  to  firing  altitude  (ffrange  =  o' pitch  *  )• 

The  pitch  and  azimuth  dispersion  for  each  configuration  show  rea¬ 
sonable  agreement.  With  no  azimuth  or  pitch  bias*  the  standard  rocket 
angular  accuracy  with  firing  conditions  of  110  knots  from  the  CHINOOK 
helicopter  is  between  7.0  and  7.  7  mils  cr  *  luid  the  corresponding  accuracy 
with  wedge  fin  configuration  is  between  5.  C  and  7.  2  mils  -  an  accuracy 
improvement  of  between  7  and  30  percent.  If  the  azunuth  bias  is 
uncorrected,  the  azimuth  precision  accuracy  for  the  wedge  configura¬ 
tion  is  40  percent  improved  over  that  of  the  standard  rocket. 

The  alignment  of  ^ubes  within  each  pod  and  the  alignment  of  tubes 
between  pods  was  determined  by  the  Ground  Support  Shipment  Labora¬ 
tory  after  completion  of  the  test  program.  Results  indicated  malalign¬ 
ments  of  1  millradian  or  less*  and  no  corrections  for  tube  aligxunent 
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were  made  except  in  the  total  bias  computations.  Tube  aligtinient  mea¬ 
surement  procedures  and  results  are  provided  in  Appendix  B. 


SmHm  VII.  lIPPLE  PIRIMG  RESULTS* 


Rocket  impact  coordinates  relative  to  the  alternate  target  center 
for  three  10-round  ripples  with  the  wedge  fin  modification  and  one  10- 
rovmd  ripple  of  the  standard  rocket  configuration  are  shown  in  Figure  9- 
The  order  of  rocket  impacts  was  determined  for  three  of  the  four  ripples 
from  film  of  the  chase  helicopter.  Film  was  not  available  to  determine 
impact  order  on  the  remaining  wedge  configuration  ripple  of  Run  Z. 

Data  film  from  above  the  launcher  pods  indicated  that  for  each  rocket 
pair  writhih  the  ripples,  azimuth  crossover  occurred  prior  to  impact 
(no  information  was  available  on  Run  1  because  the  cameras  were  aimed 
too  high  to  pick  up  the  rocket  exhausts). 

Only  nine  impacts  were  recorded  for  the  10-round  ripple  of  standard 
rockets  (Run  4).  The  film  from  the  chase  helicopter  showed  only  nine 
impacts.  Film  from. the  pod  position  indicated  that  the  trajectory  of  the 
first  rocket  frmn  the  left  pod  was  up  and  to  the  right  of  the  other  nine 
rockets  for  which  impacts  are  recorded  in  Figure  9.  Analysis  of  data 
film  from  both  pod  and  chase  helicopter  indicate  that  the  impact  location 
of  the  last  rocket  had  to  be  at  least  350  feet  beyond  and  125  feet  right  of 
the  alternate  target  center.  How  far  beyond  these  minimum  ordinates 
the  rocket  impacted  is  unknown;  no  attempt  was  made  to  compute  an 
accuracy  value  for  the  10 -round  ripple  of  standard  rockets. 

Accuracy  for  the  three  10 -round  wedge  ripples  was  first  determined 
without  consideration  of  azimuth  or  pitch  bias  (Table  V).  The  range 
impacts  were  converted  to  pitch  angular  errors  in  a  similar  manner  to 
that  of  the  pair  firing  accuracy  computation.  The  following  is  the  results 
for  pooled  dispersion  computed  about  the  centers  of  impact. 

^Aximuth  “  13.5  ifi  (three  10-round  ripples  with 

Pitch  ^  6.7  ih  wedge  modification) 

Since  these  values  include  biases  due  to  azimuth  and  pitch  plane 
crossover,  Runs  1  and  3  were  analyzed  to  obtain  q’asntitative  estimates 
of  these  biases.  For  these  two  ripple  groups,  the  biases  were  insignif¬ 
icantly  different  from  the  values  obtained  in  the  single  pairs;  therefore, 
it  was  assumed  that  the  previously  estimated  biases  were  valid  for  the 
ripple.  Under  this  assumption,  the  ripple  dispersion  about  the  center 
of  impact  with  biases  removed  becomes 

'*‘Ripples  are  sequences  of  simultaneous  pairs. 


^/:-iT:is~r.»tv,f  I,..  - 


^Azimuth  =  10-0 
‘"Pitch  =  8.5rfi 

Comparing  these  values  to  the  analogous  single  pair  data,  the  azimuth 
dispersion  is  degraded  in  ripple  firing  by  about  100  percent  while  in 
pitch  the  degradation  is  insignificant. 
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Figure  9.  Xmpftct  Coordinate!  Relative  to  the  Alternate  Target  Center 
for  Three  10 -Round  Ripples  with  the  Wedge  Fin  Modification  and  One 
10 -Round  Ripple  with  Standard  Rockets  (Order  of  Impacts  Indicated) 
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SMtlMVIil.  COHCLUSIONS 


Pair  firings  and  ripple  firings  of  standard  and  modified  LS  FFAR 
(with  MK-1  inert  heads)  from  the  CHINOOK  helicopter  at  a  nominal 
helicopter  velocity  of  110  knots  indicated  the  following; 

1)  With  bias  removed,  the  azimuth  angular  error  was  7.0  mils  ff 
(20  pairs)  for  the  standard  rockets  and  5.  0  mils  a*  (29  pairs)  for 
the  modified  rockets,  a  30-percent  accuracy  improvement  due 
to  addition  of  wedges  to  the  fins. 

2)  With  bias  removed,  the  pitch  angular  error  was  7.7  mils  s  for 
the  standard  rockets  and  7.2  mils  a  for  the  modified  rockets. 

3)  The  accuracy  of  10 -round  ripples  of  wedge  modified  rockets 
was  degraded  in  azimuth  by  a  factor  of  about  two  over  that 
calculated  from  single  pair  firings. 

4)  Strong  azimuth  crossover  bias  values  were  in  evidence  for  both 
configurations  fired  (30.2  mils  bias  for  the  standard  rounds 
and  18.  1  mils  bias  for  the  modified  rounds).  The  smaller 
bias  value  of  the  configuration  with  wedge  fins  is  attributed  to 
delayed  fin  opening,  thus  reducing  the  sensitivity  of  the  rocket 
to  a  strong  outward  wind  flow  over  the  nose  of  the  helicopter. 

5)  Consideration  should  be  given  to  splaying  the  launchers  of  the 
CHINOOK  to  cancel  part  of  the  crossover  bias  if  improvement 
of  the  azimuth  accuracy  is  desirable.  Of  course,  the  launcher 
splay  angle  would  be  optimized  for  a  particular  type  of  helicopter 
(CHINOOK  or  other)  and  heli^^opter  velocity.  Additional  firings 
similar  to  those  reported  herein  would  be  necessary  in  order 

to  prove  the  desirability  of  such  an  approach. 

6)  All  accuracy  comparisons  between  the  standard  and  modified 
rockets  indicated  accuracy  improvements  of  frcun  7  to  40  per¬ 
cent  when  wedges  are  added  to  the  fins  of  the  standard  US  FFAR 
configurations-  Although  all  rockets  fired  in  this  program  had 
MK-1  heads,  it  is  assumed  that  similar  comparisons  with 
rockets  employing  the  heavier  XM-lSl  head  would  yield  similar 
qualitative  results 
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Affmiix  k 


DtSCRtPTtON  OP  ARMID  AMO  ARMOtEO 
CM  47A  (CHIMOOK)  H&ICOPTER 


The  CHINOOK  uses  its  payload  capability  to  advantage  by  nrjount* 
ing  an  extensive  array  of  armament,  as  well  as  armor  to  prctect  the 
crew  and  vital  parts  of  the  aircraft  against  heavy  caliber  grou-d  fire. 
Mounted  on  the  nose  is  an  M-5  40mm  Automatic  Grenade  Launcher. 
This  turret-mounted  weapon  is  controlled  by  the  copilot,  who  is  able 
to  !~over  an  extensive  area  on  either  side  of  the  flight  path.  Compii- 
meuting  this  nose  turret,  pylons  on  each  side  of  the  aircraft  carry 
tixed  forward-firing  weapons  including  a  ?,0mm  gun  and  either  a  19- 
round  2  75-inch  rocket  pod  or  a  7  62mm  high-rate-of-fire  Gatling 
machine  gun  The  flanki-  n  the  atreraft  are  protected  by  four  gunners 
stationed  two  to  eithe.  sid."  of  the  cabin.  Each  of  these  gunners  is 
provided  \vi*h  either  a  7.  62  mm  or  50  caliber  machine  gun  on  flexible 
mounts.  Another  ,/unner  is  stationed  aft  with  the  same  type  weapon 
mouiited  on  til e  rear  loading  ramp.  From  this  vantage  point,  the 
gunner  csi.-c.  protect  the  aircraft  from  ground  fire  after  the  aircraft  has 
passed. 


MALAL.IGHMZHT  MEASURIMCMTS  OK  TUBES 
OFXM'159  ROCKET  POOS 


Measurements  were  taken  on  the  two  XM-159f  19-tube  launcher 
pods  after  completion  of  the  firing  program  to  determine  the  relative 
alignment  of  18  tubes  with  respect  to  the  center  tube.  Looking  forward 
from  the  helicopter,  the  left  pod  is  designated  number  1  and  the  right 
pod  is  designated  number  2.  It  was  decided  not  to  use  a  plug  gage 
because  it  would  distort  the  tubes.  Since  the  tubes  were  already  dented 
at  the  ends  as  a  result  of  rocket  firings,  the  following  method  was  used. 
The  launchers  were  first  placed  on  a  surface  plate  in  the  horizontal 
position  with  the  mounting  lugs  up.  A  centerline  was  established  for 
the  No.  1  tube  by  taking  bore  measurements  at  positions  one  inch  inside 
the  tube  at  both  ends.  The  launcher  was  then  positioned  to  make  the 
centerline  parallel  with  the  surface  plate. 

Measurements  were  taken  on  each  tube  at  one  inch  inside  with 
vernier  height  gages  to  determine  center  point  of  bore  at  both  ends  of 
tubes  on  the  "Y"  axis  with  respect  to  the  established  centerline  of 
No.  1  tube. 

The  launcher  was  then  rotated  90  degrees  about  the  pod  longitudinal 
axis  and  the  above  procedures  were  reprated  to  determine  the  center 
point  of  the  bore  at  both  ends  of  the  tubes  on  the  "X"  axis  with  respect 
to  the  centerline  of  No.  1  tube.  After  the  launcher  was  rotated  90 
degrees  and  prior  to  any  measurements,  the  centerline  of  No.  1  tube 
was  realigned  w.th  the  surface  plate. 

Figures  10  and  11  show  the  relative  position  of  the  centerlines  at 
the  forward  end  of  the  launcher,  above  and  below  and  right  or  left  of 
the  point  on  the  same  centerline  v/ith  respect  to  the  aft  end  of  the  same 
tube.  This  means  that  .for  No.  15  tube  on  number  1  launcher,  the 
centerline  is  0.  006  inch  lower  at  the  forward  end  of  the  tube  in  the 
vertical  plane  than  at  the  aft  end.  Also,  the  lateral  centerline  point 
at  the  forward  end  is  0.  016  inch  to  the  left  of  the  aft  end  point  when 
looking  aft  at  the  forw-ard  end  of  the  launcher.  From  the  above  mea» 
surements,  Table  VII  shows  the  deviation  of  each  tube  from  the  pod 
center  tube,  in  mils,  looking  forward.  A  46 -inch  tube  length  was 
used,  since  measurements  were  taken  at  one  inch  inside  of  both  ends 
of  the  48 -inch  tubes. 
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nr.  *• ; 


Comparisons  of  alignment  of  tubes  from  which  rockets  were  fired 
as  pairs  are  also  made.  If  the  assumption  is  made  that  the  pods  are 
perfectly  boresighted,  there  is  an  indication  of  an  elevation  angle 
difference  of  1. 014  mils  in  the  tube  seventh  in  firing  order  and  1. 087 
mils  azimuth  difference  in  tubes  fired  second.  All  other  tubes  fired 
as  pairs  have  less  than  one  mil  difference  in  either  plan^. 
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Mo.  1  Lauschar  (Laft> 


♦1 


dL 


Figure  10,  Relative  Position  of  Centerline  Points  at  the  Forward  End 
of  the  Left  Pod,  Looking  Aft  (Tube  Firing  Order  Indicated) 


Slo.  2  Lsuschar  (liiht) 


Figure  11.  Relative  Position  of  Centerline  Points  at  the  Forward  End 
of  the  Right  Pod,  Looking  Aft  (Tube  Firing  Order  Indicated) 


Table  Vn.  XM-159  L>aimcher  Tube  Alignment  Measurement  Results 
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This  document  is  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  approval 
of  this  Command.  Attn:  AMSMI-RD. 

It  lUaeklMSNTASV  NOm 

t^ONtOaiKO  MUTASV  ACTIVITY  1 

None 

Same  as  No.  1 

II.  AMTMCT 


Tweaty  pairs  of  standard  rockets  and  29  pairs  of  modified  rockets  (with 
MK-1  heads)  were  fired  at  a  grovuid  target.  Also,  one  10  round-ripple  of 
standard  and  three  iO-round  ripples  of  modified  rockets  ware  fired.  Nominal 
teat  conditions  were  with  helicopter  airspeed  of  110  knot*.  .^Ititade  of  250 
meters,  and  slant  range  of  1000  meters.  Results  indicated  angular  accuracy 
improvements  of  7  to  40  percent  for  the  modified  rocket  configurations. 
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TtAR  accuracy 

LS  FFAR  accuracy 

Arma-i  CHINOOK  (FFAR  accuracy) 

CHINOOK/ FFAR  accuracy 

FFAR  mpdiRcatiaa  (accuracy  results) 

CHINOOK  helicopter  armament 


L  OMCUMAHMG  ACTIVITY!  iMr  Ite  mm  Md  •MrM* 

•(  Um  otticlo*.  MbcMMctw.  paMMb  PieiirtMt  o( 

IMM  •ettvtty  at  athoi  ataMAMItM  fetmtrtn  oulAot)  imulaa 
UWNMM. 


a«.  IKKMtTMKUirrYOLAMVICATIOIl!  BMortkaovat* 
^  OMartty  ctMotflaMlM  ol  ta*  Kovatt.  ladteMaalMdMt 
**BMirtctM  0«a"  hi  hwlodoA  Moikiat  i  i !  ha  la  accarS 
oaoa  odiii  tffrnfHm  oototay  tocalatlaao. 


aa  oacm  Aatoeetc  dootattodln  la  i»actllad  la  DnD  Oh 
taaU««SaeaieaMdAtMdratCMla*iatttalllan>ai.  Bolat 
^a^wtaa  ayylleohlt,  otoc  lliat  ^Klaaal 
•MtUafi  h«*a  boaa  aaod  (««  Chooy  3  oat  Qtaay  4  aa  auihof 
load. 

a  aVORT  Ttru:  aeor  tha  cooetola  lopaM  tttla  ta  alt 
coyllal  lotlara.  TlCoa  la  aU  coooa  ahoold  ba  aaclaaolfiaa 
V  a  owoalai^.  ihla  eaaaal  ba  aotoetad  aitbaal  ctaaolllca- 
itais  abaw  ilUa  claaolllcuiaa  la  all  cabala  la  patajtboala 
laaiidlaialy  Mlaarlaf  Uia  ttil* 

a  OaMStUTIVB  MOraa  n  aypttptlea.  aatot  tba  typa  of 
tapatt  as.  Marla,  ptapraao.  aaaoMry,  aoaaal.  or  fiool. 

Oloa  Iba  laclualaa  dataa  opbaa  a  apacllk  tapatUaa  porlad  la 


10.  AVAlLABILtTY/LnnTATION  NOTICES  Eatar  aay  ll» 
Itatloaa  aa  tartbar  dlBaaalMtlea  at  tha  raport.  olhai  thaa  thoaa 
tapaaad  by  taeutlty  claaalflcallaa,  usln(  ttaadaid  atataaaala 
aaeb  aw 

(1)  ‘'Qaalltlad  laauaaiata  aay  abtala  capita  ol  U\la 
rapait  Saw  OOC" 

(3)  “Fatalea  taaauacaoMai  tad  dIaaaaUatUan  at  tbla 
lapait  by  DOC  la  aal  oolboclaad*' 

(3)  “U  1.  Oaaarnaaai  aaaaclaa  aay  abtala  capita  at 
tbla  lapatt  dlroctly  baa  DDC  Otb«  aoalUlad  DDC 


thla  lapatt  dlrocdy  baa  DDC 
itaata  aball  laqaaai  ibtouph 


I  apacllk  tapatUaa  potlad  la 


ii  AUTMOecey  Soiat  tba  aaaote  of  aMbotfa)  aa  abaaa  aa 
at  la  tba  rapatt.  Icttt  loot  oaaa.  ftrat  aaaa.  alddia  lokloL 
It  aUMary,  alaa  raob  oad  braacb  at  aarrlca  Tba  aaaa  at 
tba  ptlacipal  aalbat  ta  oa  abaalMa  aUalwaa  rtaaltaaial. 

A.  RBPORT  DATK  Bata  tba  d«a  at  tba  lapott  ta  day. 
naatK  yoar,  at  aaolb,  yaaa  if  owra  tbaa  aoa  doaa  appaata 
aa  Dm  lapatt.  aoa  daa  of  poUkaika 

7a  TOTAL  bJMUK  or  DAOBSt  Tba  tote  papa  caak 
abaald  lallaa  aawaal  poplaollaa  ptacadataa  La,  oolat  tba 


Tb  MMBBB  or  BBrBBBNCBe  Bator  tba  total  oaMat  at 
ralataacao  chad  k  tba  Npata. 

•a.  OONTRACT  O*  OliAirr  NUtBBIb  If  apptaartaia,  aoiai 
tba  «plkob(a  aaabat  at  tba  caopact  at  koal  aadat  atbkb 
ibt  rapoM  «aa  wrttlaw 

•».  fc.  sad.  mOJBCT  HUHBBB!  Balat  tba  tpptaprMa 
wlUlory  dapattwotl  tdaoUlkailaik  aacb  at  ptafaat  WKPat. 
aabptajatl  wiabtt.  ayataoi  iiaabtta.  toab  aaaPat. 


•a.  OMHMMATOrtBBrarr  HUHBBIItlb  Baaattbaaie- 
ctal  tapatt  anna  at  by  addab  iba  dacawak  kill  bo  idaktnad 
aod  caktallad  by  tM  arlplakiad  ortiahy.  TUa  aokbat  kak 
ba  akww  la  ihk  tapatv 

M.  aTHm  RBTOeT  NUMDBBtt)!  R  Iba  Nvatt  bk  boaa 
aaaipMd  aay  aAat  tapatt  aaaabota  tattbo*  by  tba  atisiaaaor 
or  by  tba  apiatatL  koa  okk  Ibla  aokbatia). 


(4)  "U.  B  Billltary  Bfaaclaa  awy  abtala  caplaa  at  tbla 
lapBit  dltacUy  haoi  DOC  Otbk  wiollllad  aaora 
aboil  raauoai  ibraufb 


(S)  ”AU  dlaiTlbklea  at  thla  rapart  ta  eaatiollod  Qual' 
Itlod  D^  aoata  aboU  rapuatt  Otaupb 


if  Iba  rapait  baa  baaa  Moltbad  la  tha  OtOco  at  Tacholcal 
fanteaa,  Dapwtaiak  at  Caakarck  let  aala  to  tba  public,  iadl- 
cka  tbla  fact  aad  okat  tba  prlco,  If  baaoiu 

It  BUrTLOIBirrAIIY  NOTBS  Uaa  lor  addlUoaal  aklao*- 
lacy  oalok 

U  VONBOmilQ  UtUTAIIT  ACTTVITYl  Bwat  tba  aaaa  at 
tba  dapawawkal  ptalaci  afftca  at  laboratory  apaaaort^  fpar 
Itt  tor) tba  taaaateb  aod  darUapwaaL  lacbtda  adSira. 

IL  ABITIIACT'  Kular  aa  abairact  |i«lap  a  briat  ooi  ioctual 
auaunary  at  tba  wacutaaat  utdlcaltra  of  tba  raport  o«aa  Ibaupb 
it  Olay  alaa  appear  alaaobara  la  Iba  body  of  Ibr  taebatcai  ra- 
pan  If  addltlaaal  apaca  la  raaulrad,  a  caklauallaa  abaat 
aball  ba  aitacbad. 

h  la  bipbly  daalrabla  that  tba  abatroct  at  ckaalftad  ra- 
parta  ba  uocUaahtad.  Each  paroprapb  at  Iba  abalraci  aboil 
a«d  a>tib  aa  ladicatiaa  at  tba  ntlnary  aaciaity  claaalflcMlaa 
of  Iba  tkoraatiaa  ta  tba  patoptapb,  rapraaaolad  aa  (7SX  (fX 

(CXorfV) 

Tbara  la  no  Itutiiaitaa  oa  Iba  laoMb  at  Iba  abaliaci.  How- 
avar,  tba  oappaalad  loapib  la  fraa>  IW  to  33$  aarda. 

14.  BBT  POeM:  Bay  aarda  wa  tacbokally  ktaalaptui  larwa 
or  abatt  pbraaaa  that  cbaraciarlaa  a  rapan  uod  ouiy  ba  aaaa  aa 
ladaa  aoitka  tar  calalaplkl  tba  rapart.  Say  aarda  oaoK  ba 
aalaclod  aa  ibk  M  aacuriiy  claaattitoitaa  la  raaulrad.  Idta 
tiara,  bueb  aa  apuipataai  oodtl  daalpgnlaa,  Iradr  mom.  aili- 
lary  praiaci  coda  asuia.  paatrapbrc  iacoltaa.  awy  ba  aaad  aa 
bay  aarda  bk  will  ba  (ollaarad  br  aa  ladlckraa  at  tacbalcal 
cUkaar  Tba  aaarpftoaM  at  Inda.  rot'a.  aad  aalpMu  la 

aplf  aal- 


